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ABSTRACT 
In  this  study  sensing  capability  of  single  walled  carbon  nanotubes  (SWCNTs),  of  both  zigzag  (5,  0)  and 
armchair (4, 4) models were investigated  for adsorption of O2 and N2 molecules were investigated using density 
functional theory (DFT) method. Using this computational method, it is possible to obtain much more data to 
apply in medical science and industrial technologies. Geometrical optimization have carried out using standard 
set and B3LYP/6-311G* basis set of Gaussian 98 program. Those parts of SWCNT which have demonstrated 
more contribution in adsorption energy, ΔEads (eV) were studied and compared. Electronic configurations were 
discussed and the results were interpreted. 
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I.  INTRODUCTION 
Nano sensors such as electronic devices have the 
ability to specify very weak physical exciters in nano 
scales  [1-3].  In  recent  years,  gas  adsorption  over 
outer  surface  of  carbon  nanotubes  was  arguably  a 
very  interesting  theoretical  study  [2].  Electrical 
resistance  of  semiconductor  nanotubes  significantly 
changes by adsorption of certain gas molecules such 
as O2, N2, NH3 and H2 [3- 5]. Gas adsorption on 
surface and open end of SWCNT was studied widely 
by  theoretical  calculations  [6].  Nuclear  magnetic 
resonance  (NMR)  spectroscopy  parameters  and 
chemisorption  energies  ΔEads  were  studied  to 
investigate the electronic structure properties [7, 8]. 
The  electronic  structures,  NMR  spectrum,  dipole 
moment of nitrogen, oxygen and carbon nuclei's were 
thoroughly studied. Also, DFT method was used to 
study  the  adsorption  of  oxygen  and  nitrogen 
molecules on the surface of (5, 0) and (4, 4) SWCNT 
[9, 10].  So that, DFT calculations were performed to 
calculate 
14N  and 
17O  nuclear  magnetic  resonance 
(NMR) spectroscopy parameters in the representative 
considered  models  of  zigzag  and  armchair  SWNTs 
[11].  Density  functional  theory  (DFT)  and  hartree-
fock  (HF)  methods  were  used  to  investigate  the 
adsorption of oxygen and nitrogen molecules on the 
surface  of  (5,  0)  and  (4,  4)  carbon  nanotubes. 
Electronic  structure  and  dipole  moment  of  both 
oxygen  and  carbon  nuclei  were  accurately  studied 
[12, 13].  
Computation  results  of  O
2  and  N
2  molecules 
which have bonded to the surface and open end of 
SWCNTs using DFT and based on B3LYP/6-311G* 
basis  set  and  Gaussian  atomic  orbital  method  [14] 
show that O
2 and N
2 adsorption cause vast changes in 
electrical  resistance  of  SWCNTs  which  may  be  a 
suitable method for gas identification [15]. The  
 
amount  of  adsorbed  energy  may  be  calculated  by 
following equations [4, 5, 16-18]: 
    22 ads tot E = E (molec.O CNTs) E CNTs E molec.O        (1) 
    22 ads tot E = E (molec.N CNTs) E CNTs E molec.N        (2) 
Where  Eads  is  energy  adsorbed  throughout  the 
process.  
In  this  work,  firstly,  investigation  by  DFT 
method was performed to study adsorption of oxygen 
and nitrogen molecules on the surface of (5, 0) and 
(4, 4) models of CNTs. Then, those parts of SWCNT 
which  have  demonstrated  more  contribution  in 
adsorption  energy  ΔEads(eV),  were  compared. 
Finally,  electronic  configurations  were  used  for 
discussion and interpretation of obtained results. 
 
II.  COMPUTATIONAL METHODS 
Calculation  was  performed  using  density 
functional theory. Physical and chemical adsorption 
of nitrogen and oxygen molecules on the surface of 
SWCNTs armchair (4, 4) and zigzag (5, 5) models 
were  studied  and  compared  using  Gaussian  98 
software based on standard set and B3LYP/6-311G* 
basis set. Comparison of adsorption of oxygen and 
nitrogen  gases  on  the  surface  of  carbon  nanotubes 
was carried out on the diagrams. 
 
III.  RESULTS AND DISCUSSION 
Two  models  of  SWCNTs,  zigzag  (5,  0)  and 
armchair (4, 4), which their length and diameter have 
been optimized by quantum chemistry computations 
were studied. The calculations for zigzag model (5, 
0) with length of 7.10 A and diameter of 2.26 A, and 
armchair  model  (4,  4)  with  length  of  4.18  A  and 
diameter of 5.67 A  were performed. The length of 
nanotubes  has  selected  considering  the  length  of 
nanotube unit cell. 
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The  manners  of  adsorption  of  nitrogen  and 
oxygen gases on the surface of carbon nanotube were 
shown in tables 1 to 4 and also in figures 1 and 2, and 
may  be  discussed  and  interpreted  as  follows. 
Obtained  results  show  that  interaction  of  oxygen 
molecule with the surface of two models of carbon 
nanotubes, (5, 0) and (4, 4), is exothermic. Changing 
the location of the oxygen molecule on the surface of 
carbon  nanotubes  does  not  change  the  amount  of 
released energy in 3 cases (tables 1 and 2 and figure 
1). 
Table 1 Structures and Eads of O2 adsorption on the 
external surface of zigzag (5, 0) model 
Model  CNT(5, 0)- O2,A1  CNT(5, 0)- O2,A2 
 
Structure 
 
 
Eads(eV)  -1111.6171  -1110.7455 
 
Table 2 Structures and Eads of O2 adsorption on the 
external surface of armchair (4, 4) model 
Model  CNT(4, 4)- O2,A1  CNT(4, 4)- O2,A2 
 
Structure 
 
 
Eads(eV)  -1112.2774  -110.0383 
 
 
Fig. 1 Diagram of released energy due to O2 
adsorption on the surface of carbon nanotubes zigzag 
(5, 0), and armchair (4, 4) models 
 
In the case of CNT (4, 4) - O2, A2 model the 
released energy of oxygen adsorption is much more 
different  from  3  precedent  cases.  This  may  be  the 
preferably site for oxygen molecule adsorption on the 
outer surface of carbon nanotube. 
Whereas the condition for nitrogen molecule is 
different. The amount of energy which is required for 
its absorption is changed by changing its location on 
the surface of CNT (tables 3 and 4 and figure 2). 
 
Table 3 Structures and Eads of N2 adsorption on the 
external surface of zigzag (5, 0) model 
Model  CNT(5,0)-N2,A1  CNT(5,0)- N2,A2 
 
Structure 
 
 
Eads(eV)  1.737  2.858 
 
Table 4 Structures and Eads of N2 adsorption on the 
external surface of armchair (4, 4) model 
Model  CNT(4,4)-N2,A1  CNT(4,4)- N2,A2 
 
Structure 
 
 
Eads(eV)  2.170  0.981 
 
The  same  computations  were  performed  for 
adsorption  of  nitrogen  molecule  on  the  surface  of 
nanotubes  of  armchair  (4,  4)  and  zigzag  (5,  0) 
models. Computation results show that adsorption of 
nitrogen  on  external  surface  of  nanotubes  occur 
hardly and in low amounts. 
 
Fig. 2 Diagram of required energy for N2 adsorption 
on the surface of carbon nanotubes zigzag (5, 0), and 
armchair (4, 4) models 
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Due to the geometry of the armchair (4, 4) and 
zigzag (5, 0) nanotubes, two different adsorption sites 
can be consider for oxygen and nitrogen molecules, 
on the outer surface of the nanotube. The results of 
computation  for  this  consideration,  suggest  that  a 
more appropriate model for the oxygen molecule is 
CNT (4, 4)-O2-A2. The amount of released energy in 
this  case  is  close  to  the  value  previously  reported 
[19]. 
The results of earlier researches indicate that the 
interaction of N2 molecule with open end of CNTs is 
more favorable than the interaction with its surface 
[20-22].  
This phenomenon may be attributed to electronic 
structure of CNTs. In fact, the electronic structure of 
CNTs (having free electros) is in such a way that can 
prevent the easy approaching of nitrogen molecules 
than oxygen  molecules  towards  its external surface 
because  of  their  electronic  configurations.  It  seems 
that  this  effect  is  more  effective  for  nitrogen 
molecules,  having  a  triple  bond,  than  oxygen 
molecules, having a double bond. 
It should be noted that, electronic structure of O2 
is KK (σ
2s)2 (σ
2s*)
2 (σ
2pz)2 (π
2px)
2 (π
2py)
2 (π
2px*)
1(π
2 
py*)
1  and  the  transferred  electron,  certainly  will 
occupy  the  half-filled  anti-bonding  orbitals  of  O2, 
hence  will  weaken  the  O–O  bond.  Electronic 
structure  of  N2  is  KK  (σ
2s)
2  (σ
2s*)
2  (σ2pz)
2  (π
2px)
2 
(π
2py)
2  and  the  binding  orbital  of  N2  molecule  is 
filled, so that the transferred electron can't enter into 
this binding orbital. It can be concluded that, these 
phenomena surely will affect the adsorption of these 
molecules on the surface of CNTs. 
On  the  other  hand,  physisorption  of  NH3  and 
NO2  molecules  on  the  surface  of  carbon  nanotube 
may  be  considered  as  an  approval  of  the  effect  of 
electronic  configuration  on  the  outer  surface 
adsorption of CNTs [23]. Therefore, electron charge 
transfer  is  found  to  be  a  major  mechanism  which 
determines  the  conductivity  change  in  CNTs  upon 
exposure to NH3 and NO2 molecules [23]. 
Considering  sp2  electronic  structure  of  carbon 
nanotube,  this  can  be  easily  understood  why 
adsorption of N2 molecules on the outer surface of 
carbon  nanotubes  is  more  difficult  than  O2 
adsorption.  In  fact,  this  phenomenon  may  be 
attributed mainly to the cloud of free electrons which 
can prevent the easy adsorption of molecules where 
they  are  either  filled  or  half-filled  extern  orbitals. 
Considering the obtained results of Eads for O2 and 
N2  physisorption  on  the  outer  surface  of  carbon 
nanotube,  this  interpretation  seems  should  be 
reasonable.  Consequently,  the  results  of  the 
comparison  of  these  defined  models  show  that 
oxygen  sensor  is  more  favorable  than  nitrogen 
sensor. This phenomenon also may be interpreted by 
more  effective  binding  of  oxygen  molecules  than 
nitrogen  molecules  with  CNTs  because  of  its 
electronic structure (half-filled anti-bonding orbitals 
of oxygen molecule). 
 
IV.  CONCLUSION 
Two  models  of  SWCNTs,  zigzag  (5,  0)  and 
armchair (4, 4), with optimized length and diameter 
were studied by quantum chemistry computations. 
 The results obtained from calculations show that 
interaction  of  oxygen  molecule  with  the  surface  of 
two models of carbon nanotubes, (5, 0) and (4, 4), is 
exothermic. Whereas, adsorption of nitrogen gas on 
CNT surface requires heat.  
Calculated  amounts  of  adsorption  energy  of 
oxygen  and  nitrogen  molecules  suggest  that 
adsorption  of  O2  may  be  chemisorption  and 
adsorption of N2 may be physisorption.  
On  the  other  hand,  because  of  electronic 
configuration of O2 Molecule, the transferred electron 
is filled in the half-filled anti-bonding orbitals of O2; 
thus  will  weaken  the  O–O  bond.  But,  the  binding 
orbital of N2 molecule is filled and so the transferred 
electron  can't  enter  into  this  binding  orbital, 
consequently, physical binding will form.  
In  addition,  calculated  adsorption  energies 
(Eads), may be an approval for adsorption manner of 
these two molecules.  
The results of calculations show that the  more 
suitable model for oxygen molecule, because of its 
Eads, is CNT (4, 4)-O2-A2. 
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